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pees (5) holds, elthear pulee or. continuous operation may ts 
ward, ‘ 
5. Consideration of Mechaniam of Refisotion Reduction. Tho 
roguiremsnts Lor gn eftfective tank iining sre first, & rood 
aondiase match to water to cliow the sound to enter the | 
maCertal; and sgecerd, the lining must be able ic absort the 
sour which enters. A property which can further coal tha 

ffectiveness of e tining for eoue types cf measurements is 
seattering. . 
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7, ne may consider a plane sound wave eorpmolly 


*% 
es 
we Se 


‘lane Léning Bree by a rigic plate, a PAEare Ze o a? yet oa ng eh. 
theoretical * approach similiar to that of iefevence (a), the Cakes 
of reflected to incident pressure at the gurface of the Tanks 
is given by 

he = Zeriw fh 


P: Ze > ou 


¢ 


where Z,_ is the acoustic impedence of the iining surface y and 
Zz, is the acoustic impedance of the waters 


Inside the lining the irpedance at any point is given by the 


following equation which 4s Aiscussed in considerable detail in 
reference (h): 


ale che = gyi ‘ “ (7) 


where fp &e the excess pressure at x 
vis the. > pantcle. yeloeity at x 
co ds 
hist 
fog is. 
6 is the pra velocity. 

che cateertptar refers to the, Lining. The vebtatton of X with 


frequency is dep ent on the nature of ee eee ot as ant 
far losded butyl: rubbers: this has not yet been: etermined . i 


§. Ther for r= SS ‘nbere D D is the lining thicimess, the accustic 


imoadance gt tne inver Face is i 
7 _e), e: ol ns 
Zo x FA opthelfarg A) Bee be 


fam 4 4) ef A wz 
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[ud May dotain a highly absorbsat Lining witout apucacles’. 
ieee wa. Rowaver, @ Itaing EG” FulFLiis this ae ented ta 
aication becsuse of the Less 
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uirdegiravia for che present app 
oi of material and apace “on 


e t 
ich would be raguire?c, 


9, Tf one satisfilea the coidition that + 
larg ze by making @ very largs and D gms 
for the impedance {4a 


hs product oo se 
1, then the exprezite: 


a Se SS 
ar 


aitnoush this inpadeace: is conplex and the ceenenes of water 
is real, one can minimise age by equating the absolute values 
of thess iment e ee a “constant ¥ alue of A, one hes ches 


eh) 


ed 7 ae 


vf 


The aintow value ae 28 ? oe ; 
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rasurles ive at lew frequencies wheres ye PB Aare « 


DIAGRAM: OP A FUAT. LINING’ PRECEDED 


BY. AN DIPEDAWE ARANSITION MEDIUM. 


49, Consider now a ‘tronsition’ eS Lum having & an. “tmpadance xpiea 

vyariss gradually with Ws Snaerted. in. frent of the Lining, | 
Figure fe ane im dance. 43 gontinnous” and: BEX. 2 -(D#e DE} 

the value of: -te made: fants Sok 5. vant. ‘at x. =D, tk 


La rade equal: to Be tees, 


Z-(-0) =. Ze - ep. t +e (28) i : 
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tpnnettion medium isa gradual 
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ef gtrnatused Linlness ta @ eeuyaed La me 3 
it — be aided that strenucvured Lapping 
weoutter se inateac of SOUS Ge: ly 
oad: nae fr ooy naryas-beam inclWlant soured may be Rowerned ina 

sarttevteay direction (o>? scattering in GEnes GQirocticng) vaser 
aeroey guratnud vy apeouiar vofleotion enl sbhsorption, 


TYf., SELECTION OF SAPPLES FOR MEASUREVERT 
AS Selection of Material 


races Loscod Butyl Rubber Naterials, Pricr to the sels: 

a waterlas for the strictured samples, norral reflects 

moagurenents had bean made on 5 Targa norver of smail 

sanples of differant Bypes of mataleLoaded rubrer., The samples 

were gporoximately 1/4 in. thiek, 2 1/2 in. in dLameter and wer 

metal backed. Yor each froquoney & Single nerrow-veem trenaduner 

waa used to transmit 9 pulse-modulated wave normal te the ra- 
secting surftacs and to reseiva tho reflestad stgnal. The method 

of measurement consisted ease ontisiiy of comparing the mag .isure 

oF the normalliy-peflected puigeas from the metal<-tacked samples to 

rellections. from. a dare motel dise of the same normal cress. 

section, The ratio of the raflected emplitude from the sanpl« 

to that fron: the; netel referencg: ‘plate. expres,ed in db cone ee 
stitutes s lumped: loss cecaslonsd vy. insert ton. of the sexple. This 

Bans Sy is denotes. in this report as Ag , the nermai-re~ 
lectivity Index. The measured, ‘Loss, does nos necesszrily. rapresant 
cae ettenuation in. the: meteriel, since the impedance misteteh s+ 

the wateresample fnterface limi ky: the sound which can enter the 
matoxrioal, Under these conditions, inoreaaing the thickness. of 

the samcle dors, rot necessarily increase. the observed: Logs, 


3%, The res nits of these previous messurenants: on. ‘Gage: samples 
wera vued as e bastle for the selection of loadedorubber materials 
Som She gone-lattice structursdé ‘eanpien. Some typical pesaite | 
Luipres of Rs FEPLUE FPAqUaNC Ty aroahoan in: Pipurea..5, & ani¢T 

Tr. hbase Pleureas the varighis parendtor {gs the ‘peroantere gt 


ne 


Cher parameters considered in Sakae peak 7 

a gt aoe Loading » brocessing of gatiples, size 
Mi, and “in method af fesvening » the veaples. 

at Lop the present neasatenent ao 
wAsted ane equal. parba by 


vBawd 0% _ rubber; Sauple E (Figure. AD 
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FIG. 5 NGRMAL REFLECTIVITY INDEX OF 
LOADED BUTYL RUBBER FLAT DISK SAMPLES 


METAL LOADING: ALUMINUM POWDER 
VARIED PARAMETER : METAL PROPORTION 
PROPORTION 


P, - 
SAMPLE By WEIGHT) 
JA 285 PTS/100 
) 100 PTS/100 
Cc 200 PTS/100 
OA ~—- UNLOADED 
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) . FIG. 6 NORMAL REFLECTIVITY INDEX OF 
. LOADED BUTYL RUBBER FLAT DISK SAMPLES 


METAL LOADING: LEAD POWDER (95 PTS/100) 
VARIEO PARAMETER: CUMAR AND SLOWING AGENT 


SAMPLE PROPORTION (BY WEIGHT } 
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can 


9.28 PTS/i00 CUMAR 


2 0.1 PTS/100 BLOWING AGENT 
9.25 PTS/100 CUMAR 

e 1,0 PTS/100 BLOWING AGENT 

, 9.25 PTS/I00 CUMAR 


2.0 PTS/IOO BLOWING AGENT 
OA UNLOADED 
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> FIG. 7 NORMAL REFLECTIVITY INDEX OF 
LOADED BUTYL RUBBER FLAT DISK SAMPLES 


METAL LOADING: LEAD POWDER 
VARIED PARAMETER: METAL PROPORTION 


PROPORTION 


bial (BY WEIGHT) 
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H 25 PTS/100 
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2) Materials other then Lo Loaded Butyl Hubher. The materiel 

et for the wedge ‘elenonts (Gecrsn Fufn Fairy “tn the existing 

bar wo oLining {figure 2) is probebly buns "S" rubber, This lininc 
ELS formerly nged in an anechoic tent in Germany snd prior %o 
installation in our tank was stored in air for & nurbor of years. 
Bxaniie tion of the wedges indicates that the rubber has deteri- 
orated and is relatively hard. Results of measurements on thi 
lining cen, therefore, be interprated only es characteristic o: 
axisting installation ang not necesserily thet of Fefnir in it 
originel condition. 


ye 
a 


uh 


16. The basic meteriel of the wedge eclemonts identified in this 
report as British Fafnir, Figure °, is butyl rubber. Since thesa 
wedges were in good condition, the results should be represonte tive 
of this moterisi. 


17. ZInsulkrete ts s material made from toarse sendust and cement 

, ia the proportion of 4 to 1, Figure 9. This msteriel is being 
, used by Underrater Sound ‘Reference Laboratory (USRL) eg a lining 
Yor a higheoressure tank, Results of measurements made st USHL,, 
Reference (b), indicate thatcreflection caused by surface misma toh 
iS rather low, of the onder. of =20 4b compered to a- ‘referenc 
refleation plete in ‘the ‘frequency range considerad hera.. Thie 
na terial then constitutes one of. the types mentioned in the 

preceding section which has a relatively low absorption per uni 
“Aiskness tut pregents & fairly good match at the interface. 


- anvas esd ineluded in this study becaus oe at hes bean used 
3 cheap Cencorsry lining in small tanks. - The materisi use4 
Sats was i6-ounes. duek arranged an. large, somowhat 
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“FAR NIK WEOSE ELEMENT 


CANAL OR ODUCT 


ae ae ay fae ae ae See dae 
SECTION Ara 


Fic. 10 
TYPIGAL VIEWS OF FAFNIR STRUCTURE 
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acts ene Ps ae pecs aeed 


y 


ae 


requirexont that the changes of seetion and rate of change of 
section occur in « pradwl continuous manner throvyhout the 
transition length, including the boundaries, reference ‘d). 

Then, aisa, a8 in horn theory, one cau state that such « chenga o 
section implies a gfradusl continuous change of impedances, 


20. 


successfully applied to the experimental cevelopment ef sound~ 


in-air absorbent linings, and more reece™ a& reporved by 
Meyer in reference (e) to the developm: underwater sound - 
absorbent linings. In the development « 2se underweter 30un7 


linings, various materials with clastic hysteresis and various 
shaped structures were tried. The fins] version of the lining, 
called Yafnir, was constructed of flat triangular rubber wedges 
with included air spaces. 


21. 


on @ wood backing plus the water canals or ducts in the spaces 
between the rows (see Figurss 2.and 10). 
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of 


Gorman Fafnir. The principle of gradual transition has been 


The structure consis‘s of rows of these elements mounted 
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ROSS.SECPIONAL . 


DIAGRAM INDICATING TRANSITION CROSS SRoTIOg 
OF GERHAM PAPRIR LIBTNG 
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‘be iautora Uvelved ta this pertiewlar erse of gre ved trends 
war be interssd from a study of the variation of une POSS See’ 
of the Linine with the SLatance from the bagcving, Fipure bl. 
ome considers only the wedges, a discontinuity in ispedsnea eX 
Veox 8 & due to a chunee jm the cross seetier ard of rm * -D due 


~O the rate of chance of cross section. The sysbhem was to seten: 
Simensions and spacing of the wedges Whieh would minimize these 
viseontinuities by adjusting the accoustic rreperties of the 
water-filled cansis. The final selection was made efcer Marvy 
Sests in which a single peramster wis varied while the < 

held constant. For a wedge ecruss section of 25% of the total 


a half vave length. It was indicated in reference (2) the’ the 
properties of the canals affect the lower end higher frequencies. 
Near the lower cutoff frequency, the small ratio ct apacine te 
wave length caused the welocity of water in the canals te be 
decreased which, fin turn. e-used an impedance mlemetch et the 


oe aed eh eas al 


at tee 


width, s@ that the Iinine was effective from abouts F te. 40 ue,* 


atea of wedge of 50% of the total area ot 
tne backing was not appreciable 


rercentasea cf patertel 


fhe tate of change of 


snereasing the cross section of 


was mace from wedges of British Fafnir such thet 2» Jatent. rows 
of elements were in contact with one another (Figute 8). Ths 
taynelured sample ia about om square orer-n1L. Theee wedce 


aii B samkedrele of vaddus of approximately 3/732 in. 


Fafair materfal inetallea ip the NOL tank censisted of 


of 2 om instead of the dinensions mentioned dn the tox: 


& 


verence fe), This wovld inesease the upper cr.¢srr 
* She Lining, ag indiestes on the text. 0” 
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‘the dase, Shicaness and heiyht ere reapegits ehy Gas re Big 
ana 1O em correspond nein ta the smaller wed gen els See 
rrevieougiy. The teeiuied aiy sgnacesa are Tormed uy © 668 
parallel to the dbase, reference or In “he precont apple 
‘alternate zows of the glements are diaclaceé om “Uf the wit. 
of a wedge parallel to the rows. "he eunsis formec Detween the 
wedges sre thus narrowed to the thiexness of ar clement ot about 
one er, which should raise the upner cutefr frequency co 
approximately 99 ke. The resulting erogssesectionaul area versus 
distance from the wedge backing plate is shown in Figure l2. 
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The @iacontimaity at the vese of the wedge, efSective. above the 


ragnefraguency entesf, is considerably redneed ivy this 8 arrengenente 


Yaftnir tent: ee tn pa eeenss en, i& appRared 

St aap te canter « hining with this type of 
*oweald cove the derired frecuency bond, namely 0. 
MOGRIVELES. Lecotdingly, a afructure was cesigned « 
femesianes oLaeontinnds 14 
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SECTION A-A - SECTION 8-8 


FIG, 13> 
TYPICAL VIEWS OF CONE LATTICE STRUCTURE. 
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conoe, illustrated ty Pigures land 13, so positioned as to 
minirire tha erposed flat aree of the backing. The cones and 
packing consist of one molded unit of losded butyl rubber. The 
‘imenulone of the cone elements were selected by using the 

é reaaults of reference (e) a4 a reneral guide, A length of 3.79 
ew was chosen, which corresponds to a lower cutoff frequency 

of approximately 10 ke. ‘The cone generating angle was chosen 

ag small as practical, namely 15°. The radius cf the cone tase 
is approximately one cm. The test panels are approxirately 22 22 
square and 5 em deep which insiufes a thickness of 2.25 em for 
the base. In Figure 13 2¢ will be ebserved that each cone is 
surrounded by aix tangent cones. The exposed areas of the plane 
backing approximate small triangles. The percentage of utes 
exposed is approximstely 9% cf the total section. Although it 
is possible to eliminate this flat area with the associated 
discontinuity, it was felt that. for the purposes of this 
preliminary investigetion it would be instructive to measure the 
reflection characteristics with the discontinuity present and tc 
note the frequency at which the effect of the discontinuity 
becomes noticeable. From reference fe) one might expect this 
frequency to be around 250 ke, since at this frequency the 
maximum dimension of one of the "triangles" 148 equel te a heilf 
wave iength, Also one would expect the level of the reflected 
souml to be of the order «of 10 db below that ror a flint sample 
of the same material, This is based.on the percent of tote 

area exposed. An additional consideration in the selection of 
this structure was the bimple geometries] rele’jionshiy between 
surface and volume versus distance from the cone tips whieh 
would be of value in any future theoretical study of the 


mechanien of gradual transition, ~~ 


CSL ARBA (8) 


fon eh ERO TOATING TRARS ITO GRODSAGHCTION OF CONE LATHMICE RAMPIR cei 
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2h, Paeure i4 gives the cross-sectional orva versus distance 

fro the cone tip of the multiple cone sample. Observe that 
there is a snooth transition at the cone tips (x = «(D+ D')), 
doth the change of section and the rate of change of section 
approximate sero at this point, The plane area at the back of 

the structure (x © -D) is raiuced to aprroximately one-seventh 

of that shown in Figure 11 for German Fefnir and can be 
nradtically elimincted by incorporating ecnical holes in tne 
exposed sections of the backinre (note dotted lines). The sectis: 
of water included between the cones gradually tapers with distence 
from the wedge tips so that the discontinuity encountered with the 
Fafnir linings due to the canals is not present. 


25. It is realized that the structures studied here are propose? 
for use at much lower wave length-to-dimensiocn ratios than those 
ineluded in Rayleigh's work on gradual transition. The phase 
surfaces at these frequencies are no longey plane and the 
mecharism of sound transmission from water into the material is 
very complicated both because of the involved shape of the 
structure and the complex behavior of the material. Hence, this 
investigation haa been essentially exmerimental. 


26, The physical characteristics of the samples. studied are 
summarizad in Table I. The table also gives code numbers ard 
figure mumbers vhich lliustrats the respective sarmles. The. 
first digit of the cole number refers to the sample material 
and the second d4sit denotes common physical characteristics | 
where practical. = -° » Whe 42 
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XV. LABORATORY APPARATUS 


Pen Navies 


28. A delayed trigger from a Tektronix osesilloscope, Type 912, 
initiates a square pulse which rodulates the carrier from the 
Signal generator, This pulse-mcdulated wave 1s amplified and 
then drives the projector through a matching network, The 
projector oroduces 8 narrow beam of pulse-modulated sound waves 
which are normally incident on the specimen, Reflections from 
the specimen are received oy the ro*eting probe hydrophone and 
the voltage generated is sent thr -. . a matching network to the 
gated receiver which is triggorec ; the oscilloscope. The 
receiving geste can he set to correspond to the beginning of tha 
desired refleated signsl by an adjustable time delay. After 
amplificetion the signals sre applied to the polar recorder ahich 
is designed to’produce @ continuous luzsrithmic plot. The anguler 
position. inditerted by the recorder is: msde to corresnond to the 
hydrophone orientation by the use of a selsyn system. 


29. Arrensement of Apparatus. The arrangement of the apperatiz: 
is illustrated in Figures 16 and 17. Reference reflection plates 
were made of 1/E inch brass plate backed by 1/4 inch corprensa. 
They were suspended vertically from. the. rotetion framawork by & 
2/32 inch wire rope, ‘The plate was: held vertical by a weight 
“ech was covared.with sound-absorben teria, The spseimer 
ven Laetecsed to: the. reflecting plat we-rubber bands, The 
center of the s&mple xas. positioriad Osem below.the surface. 
of the water to allow for approximete mentering of ‘the sample. 
between tne water surface anc the positioning weight (which was 


covered with an <coustie absorber)... 
| ¥. 3 | ane ao8 
A, Measurement Program | 


iC. dhe measurenent program consisted of she four parts outlined 
nelow. All messuraments were made with-sound normelly incident on 
"Ye Tellecting surface, and “niass epescified otherwisa vere sade 
slug Le plrne {w= 0}. (ho orlomteticn of the # plunes are 
Lie ee 


Cd @, 


. The measurrmerctr of 212 samples in the frequency rangs 
"Tog 5G be 250 ke in inererents of 50 ke, — 


2 Measurements on a conme-lattise sample end the Jerman 
nny Hviiish Fafair samples in the redial plane {4e O end When TS 
< aetermina she affect on refisetion characteristics savsed by 

uspmmetry of the sample surface, 
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e. The measurement of the most promising gtruccursd Bemp-e: 
No, 21, the sliurinwr loaded ont, and the cotrespomliing flat 


gample, No. O02, av aquailoer frequency increments. Phis provid el 
detailed information on the reflection characte: Istics versus 
frequency in the region between the 50 ke apot frequencices, 


ad. ¥Yeasurement of Sanple No. 21 at points 50 ke apart over 
a fregueney range from 20 ke (the lowest practical frequency) 
to 1 Me, to determine the oxzpected useful frequency ramze of 4 
tank lired with this material. . 


B. Theory of Measurements 


in paragraph 8 4s practical if the reflectivity pattern of the 


the sample. Furthermore, there is suffielent seuttering se that 


reflection from a Plate, Jt yeuls Det accurately indicate the. 


es of the specimen. A technique devised 


32, If semd from 2 projector falle-on a surface, the re 
>, Gawcuth os hewlepnera of redduc Foils giren dy. 
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WETS . 
“4s the poler angle measrred. from the profector azis of °° 
nyrneasey shout ean origin on the surface of the sarrle. : 
“a the padia? angle measured from the X axis in the plane 
ahowt the profaeter-axia of syrmetry € y axis). 
J° 4) 42 the pefleeted intensity, a funetion of both Bond wo. | 
ose haar from the projector and the reflecting surfeee are beth 
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axially symmetric atout a CEUTON- ATID, then the reflected patter: 
will be axially symmetric about this axis. =" thls CHSC the _ 
intensity, I, 19 independent of yw . The reflected power Prom 

s metal reference plate, Fy, 15 


g=arnrr | [ele ote 3 (18) 


33-6 axially Symmetric Samniess For a sample for which cne can 
assume exial) 


Ty symmetric. reflections, the reflected power; Pes 
fs similariy oe 
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“ae . 4 
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(29) 


5 (6) kn equations (18) anéd (19) may be measured by rotating the 
probe hydrophone showr in Figure 18, in the xy plane. fron @ * © to 
¥/2, Ascording to reference (f) the reflection coefficient 

is dofined as: "The sound reflection coefficient of a surface 

not a generator is the ratio of the sate of flow. soimd energy 
reflected from the surface, on the side of inciderte, to the 
incident rate of flow". If the metal reference plute is a. 
perfect reflector, the refleeted power P, is equsl-to. the 

imesident power. The refleetion coefficient, Re may ‘be then 


adafined as 
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Sn can be defined more generally if the single integrations in 
eeuation (20} ss fepliaced by the doubie integrations appearing 
Bn ecye sien {19 ss ; : ; i Bae a : 


tk Kendig and Yueser, raference (g), have devised a means of 
semputiny the power radiated from an axtally symmetric source, 
mens of she eres uncer a veflectivity nattern piotted on special 
secrdinee paner (Figure 19}- The angle is plotted as the 


_agn ag efiven by ecuations (16) or (19), by a pleniméter reasure- & 


vvecisss expressed in cegrees and ecaled in terms of the function 
[ s nagtl. Phe intensity is plotted as the omtinste expressed 


to ie tron the peak reflection, and ia agaled te give a iinsar 
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EG 19 ILLUSTRATION SHOWING USE OF PCWER CHARTS 
FOR CALCULATING REFLECTION INDICES, R,O.AND S 
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intensity plot We cen veciiia equation (4 to conform more 
closely te che com Ge at, Lane as folloar: 


Ke 
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a . - an aor ye ee TE Lea) Kine, fe. 
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or for brevity 


= — "2e) 
Oe. A» 
Expressed in db, 
: . A . 
Re 1 log, Lr emsct. + 10 Lod ig (23) 
pois 
=A +15 (24) 


where R is the refi ectivity index (the reflection coefficient 
eappessed, kn db} ie Se es 


A . tee eak reflec’ bavity, index, the first. term in equation 
23 Soe me een 
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$ is the scattering Index, the seecnd term in ogvation (223 


35, It 48 obvious that of the thes: quantities, R and 6 
saly two ate independent. For. example , any ‘sonditionenteh 
would cause a Strong reflection Fron the sanpie to’ geour without 
arpraciably increasing 2. » would mean an inerease. in} ania 
serresponding decrease ia & Ba .2he tO Letter. paraineters “Shen 
andicata in a general way the ‘distribution of sound. reflection 
introduced by the lining. ‘The poak reflectivity. index; A, 
indicates the maximum rafl: ection one. might expeck from a- Vgarple 
an any direction. “Since A, represents speculer reflection 

frem thea plate the sestt terme andex S provides a messura of 

“he devistion Prom specular reflection of sound reflected. 

from the samcle. Ths raticctivity index, R, 1s an overall. 


measurn of the absorption. Ine may obtain che abaception Aor? 
in par cont Dron the equoetilon 
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Se wAtn wae in @ perte die manner, The rower reflected Sree 


ca samoile at given by the exact genera Bt expression, enuntion t197), 
“Se apprexdmated in this case by meking pattern measurements 
aod aro ayund dtvisions evtenting over a hal? period, Thre, - 
Bae approximate power reflicted Fy is given by 
iy Ee 
% aa ain 
or4 


t7 is the number of increnents Sy in a half period. 


é R38 superseript Indic: tes that values of the paremeter are 
measured in the plane of yf 


Through a procedura Sinilar to that folicwed for the urdialiy 
symmetric case the re index R is 


J 


£28) 


. : ne oy es, 
on oun wand 


she near KePleetivity indiess are apCined ay: 


« 


, ra : ‘ *S ° 
Se SR ee Pi 
“ OG het Se ah EE ree 
ne 
; 
~ A A 
se : 
4 
y P. 
; = & 
" PQ 34 


Sat RR AEE RD RONEN EARNER RR os 


and a measurement in the plane of the Sestion BeB to the eve 
of two measurements for we walarKh 1774) ; eee 


of a hyds orhone, ent the dimensions of the setup; this vray be 


Jntermined experimentally. Also, 3 weSurements may be mide over 
the polur angle rangs from & mea tog sr UW. in the picne 
specified oy the radial angle WwW. the results correspone te 
taking en average of two reasurements et ecual engi 

ali samples of this experiment. The latter procs 
to compensate for errors due ta risalignment 
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wnere / gan ba thought of as the peak raflectiviry inca» “er 6 
Aymothes Acal axially symmevric strecturea with: veame: of a ang © 
equal to i. and Sg raspectiveiy. Tha inde... A’, ia the me AA ms 
vauk-re"lectivity measured for any englo yy . For e rerticula 
Satzple che number of inerenents, 7 , recessery fer a snecifins 
accuracy depends on froquency, the directional charactestatics 
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37. Periodicity of Selectcd Samples. -It may be not 
cone-Jattice structure (Ficure 13) hes en anzuler 7 
Y% of ¥V/2. A measurement in the plane of Sovtion Ax 
then tc the AVEPS go of two measurements of the es rh 
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ni 
integer, These two measurements ware assumed to be sufficisn 
to indicate approximately the variation of the reflection 
characteristics with: for the cone~iattice structure , 


38. The periodicity. ‘in S/ for the Fafnir samples is iF 

If equal increments are “ssired one. should tale more 
increments for tne Fein sample because. of its larger period. 
However, measmements ~ 'e only mode: in planes at 90 decrses 
for this vevliminary ‘i, vestigation » Sore onene to these for 
the cone«ratcice sample). ; 


: es Applies tion of the Technique 
39. The factors which influenee the ehotce of measurerent 
paremeters in a eee ar appiicstion of the technique described 
above arg the acoustical end geometrieal characteristics of the 
specimens, the tank, the =Tansducors 5 and the frequency renee 
ovar which measurements sre desired. The frsquenty range 
sonsidersd is from 20 ke ts i Meo, Measurements st.frequencies  _ 
below <2) ke are of interest but could not. be rade satis Pectoraly 
im ube existing tank. 


fC, ZOpejector Peremeters, Theta.are Seo “opposirg requirements. 
which govern tne ne selecticn of tne size of the profector. First, 
# wBniform Ah Uminniion over a sufffiatenr Sees of the specimen 
La meen Cott representative velleavion meesurenents for 
eee Coo" s Beverin. for @ tank Tintre. A reasanad? Ly 
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in th. Frauniofer region ‘reference fAypi.a., that 
ye 
“neTe 4s the distance from projector to semplea, smd 4% 3 
the wave Length of sound in water. For the cone structures, tne 
about 8 
$ 


minimum width of uniform 4llumination was selected et ab as 
em ~ the width of four cones. That this constitutes ufficient 
portion of the lining wes varified experimental'y. Tie width of 
hatlorm illumination for 2a piston source was taken to be that 
between the half-rower points, indicatee by the angie << in 
Figure 20, The pressure versus the polar angle gj from a piston 
source for aistances for which equstion {30} is valid is given 


in reference (h) as 


£31) 


and passes through sero when =” 
ain By.= BER 
Let Ty ba the distance in 


Dy = 2 Os Finra ff)? 


eriiorm {iivwtination over the sample, it is eav 
2ce from the vorojector to ths sample 

ny will allew. Sines a space of 3 c 
tre aurote in order to serurate reflections 
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sehectad for De. Lf Dy/Dp CC 7, equation (34) ean be 
written 


ve een Pe era emit AIR REET 
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eo 2 De tern {3 (28 


The requirement given by equetion (30? 5 4,@e, that the sample 
be in the Fraunhofer rez aes can now be expressed in terms of 
Dy: Dp, and A as foliows 


= php (26) 
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43, The second recuirement.cn the size of the projector is 
that the intensity of the sound ineident on the wails of the 
tank or the water surface be Jew. ‘This ig necessary because of 
the relatively low-level reflections from the samples. The 
conditiou that the madn beam not illuminate the sides ef the 
tank or the water surface Petueen: the Projector anc the sample 
can te erm etree ase 


et 


f.Ore ok da the wore. width oP dent ch, these being appr exanatess 
“33 382 Tor shis Tanke. ay uning the relationship pate ween the anvis 
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& g ia &) wiver vy equations {32} and (23) an@ Sy using equet gic 
i235), the rqatpement sxnressed by ae nies 137) ; whieh places & 
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LIMITING EQUATION: 0.394 YX < ty S177 
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It may be observed that the team width of hydroxhone ABSA 

exceeded the beam width of ail of the projectors excent the E€ 
which was used at the high frequencies., For these higher 
frequency measurements the hydrophone beam width was approximately 
a third of thst of the E-8. The minimum hydrophone beam width 
fat 1 Me.) was such that it intercepted sound from an area hayi: 

a diameter equal to the width at the base of four adjacent cones 
This was tentatively accepted as the mindmuin width to get 2 
represents tive reflection measurement. 


oe a5. Pulse Pari meters. ‘The pulse Length in water should nov 
nzcead double the distance from the nydrophone to the specimen 
order that the tail of the inciden* signal sould not interfere 
*. aith the reflection. Actuelly at was Tow tobe more ea ata 
toa use sbout twovthir ‘as of this valu, ALLEN SOTE aeponds-ta 
pitise duration af shout C45 ms Lidseges Wig. The vepeee tion rake 
was cub at abort 150 eNLSOR SSL as jaternined wy. the aisoo la ted 


Tae! eet ¥, 


ae tronic aquipment. The hydrophons rotetion rate selected wes 
iflé RPM to ellow sufficient pulses per em of hydrophone 


Caoee {arp proximately GO} for good pattern, resolut ‘ion, 
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6, Yhe resiits of fhe proeint a Be 
form of reflectivity pa hhepis ec te WETnas 
of-R.» . and 8S. In sdditien, miets of the eee sav i nea a a 
index, iy , are shown for fac of the samples, tee 
Figure 19 shows a sample compte tion of Rae He horns 


Sample Wo 3y and of a referance plate were ohesen £ 
example, The vattern number is mede up of the san ie cod 
(see Table I) followed by a dash and a serial iden ities 
number. The special cverdingte paper referred to pee 
4s designed to cover -30° to 730° {Chart 8) and 40 —_ 
‘Chart 4}. The letter wes used only ortside the range of on 
The use of the exvended seale of Chert B inereased the pacuracy 
of the power determination. After redrawing the polar plots on 
this special Paper e plenimeter is used to determine the aress 
umier the curves, 4, for the reference plate and A, for thse 
sample as indicated in Figure 19. The poak nressures from the 
sample end from the refererce plete ara aise read off the 
patterns anf then S,£ , and R are s#lcnlated as shown in the 
ficure, ; 
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Comparison of: Sampies: From. 50 ta 250 


“TOG: ke, A comparison ei 
the patterns for 41] samples at LOO Es is given in Figura 23. 
This figure is arranged to shor the raflectivity patverns of . the: 
structured rubber samples on the left ‘side: and all.other sampive | 
on the right.. There is indicated on-each pattern the identifying 
the. structure, - ané the” 
lues of R, 4, , ang 5S. The reference pinte ‘reflectivity. pattern | 
No. 01~136 shown: in. Figura 24: Was used RS the reference: pattern Bi 
for these computations. os 


42 The effect of sample materiel “dip the ‘reflectivity pattern. 
may be noted by comparing samples with: the sane. structure. bub... 
of diffsrent material. nex aras Nos, 23-162, 12-155 and 31-1 
igure 22, constitute such a group for-Loeded. butyl material nd 
eg bn sone ois ttiee ereresalg Yne pattern for Semple No, ae ie ‘the — 
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49. .A comparison of samplas having a ccone-jJatties structurs 
flirt samcies of the ssme material at 200 ke 18 shown in the 


upver portion of Figure 23. The difference in scattering bate 


the two types of surfaces {structured values minus flet pene 
values} end also inereased with peewee s of noading « “es 
~3.9 db for the lead with blowing agent semples, +4.9 sb vor 
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ne Britien Fefnir ned a nigh acaStering index {S « 7.4 db} st 
ICG xe, in fae this value of 5 was the e highest cen trig 
frequency} for all of the samples: tested , 
51. The pattern for the Gerndn Fefriir Sample No. 72 shovn | 
Pigure 23 is not necensariiy typical of this structure ben 
che nerroe preieetor beam width Llumiss ta3 too small s part 
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4. - The neccesity for using the presant technique in OVALE VLE 
the scattering and absorpticn characteristics of structured 
apecimens is evident from the fact that lateral spreading cecurs 
for most of the patterns, and that the maxima occur at angles off 
nermal for several of the structured samples. The use of vnc 
nermal reflectivity index, Ry, instead of R as sn indication of 
absorption would result in an error of 7.5 db for the British 
Fafnir Somple No. 42. 


55. Patterns Versus Frequency. Reflectivity patterns for 
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vaferenso plete at corresponding frequencies. The seattering 
index, shown on Pattern No. 21-361, is a meximun at 196 ke, and 
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the Low-frequency end may be attributed te the ineresse cf were 
length relative ta the dimensions of the elements, The decrease 
at the high-frequancy ond is provebly caused by refieetion fran 
the flat portion of the sample, as Ciscussed in Section IT1, 
paragrach 23. 
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fracvency from 156 to 200 ku, bus from 200 oes 245 ke R shows 
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"5, Figure 42 shows the reflection characteristics of, Sample 
Ne. 21, she cone~lattice sample corresponding to the plent- 
surfuce Semple No. 22, measured at 5 ke increments over the 
frequency range from 140 to 260 ke. The seattering index for 
this cone semple is approximatsiy & db at 140 ke and decreases 
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in Figura 44 19 stout 2B db at the low-frequency ond. 
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’ bb. The messurement of normal reflection reduction vers 
oressure. These measurements would indicate the appliceditdt 
of linings for use in acoustic pressure tanks. 


ec, The measurement of reflection characteriscics below 
20 ke, Results of these measurements wovld indicate the lower 
frequency limit of a tenk lined with a cons-Lattice strutture 
of sivuminum-Loidsad rubber. 
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